Schottky barrier diodes have received much attention for use as detectors in fiber optic communication systems requiring large bandwidth and good signal -tonoise performance. This paper will discuss what characteristics go into making maximum performance avalanche Schottky barrier detectors and why the Schottky barrier diode is a good candidate. Specifically, the report will discuss the design and performance of platinum silicide (PtSi) Schottky diodes.
INTRODUCTION
In recent years, research in the area of infrared detectors hascgncentrated on developing technology for use in optical communication systems. ' To take advantage of the low attenuation (for example 0.2 dB /km loss at 1.55 um) and minimum dispersion of the fiber optics, one is required to operate in the 1.3 to 1.6 micron spectral region. However, this region is beyond the long wavelength cutoff of standard silicon detectors, and below long wavelength detectors made from extrinsic silicons. Because of this lack of detector technology, the Solid State Sciences Division, Rome Air Development Center at Hanscom Air Force Base, initiated research in the use of Schottky Barrier Diodes (SBD) as a possible candidate for this spectral region.
In particular, the investigation has centered on Platinum Silicide (PtSi) Schottky diodes operated as avalanche detectors. This work will summarize the experimental technique used to evaluate the PtSi diodes and analyze test results that predict the SBD's usefulness as an optical communication detector.
2.
THEORY
The theory of the Schottky Barrier Diode and avalanche operation are summarized. A thorough discussion on these topics can be found in references 3 and 4. The most important operating principle of the SBD is the barrier height formation, which occurs when a metal and semiconductor are brought into contact. The barrier height (0 in eV) is the difference between the work functions of the metal and semiconductor (n-type), and determines the spectral response of the SBD.
The PtSi SBD was investigated because of its spectral response and compatibility with monolithic construction.
Because the operating environment for fiber optics consists of wide bandwidth -high frequency applications, operation in the avalanche mode was considered. An avalanching detector should be used when the system is limited by thermal or amplifier noise. The signal and noise are then multiplied above
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In recent years, research in the area of infrared detectors has concentrated on developing technology for use in optical communication systems. ' To take advantage of the low attenuation (for example 0.2 dB/km loss at 1.55 urn) and minimum dispersion of the fiber optics, one is required to operate in the 1.3 to 1.6 micron spectral region. However, this region is beyond the long wavelength cutoff of standard silicon detectors, and below long wavelength detectors made from extrinsic silicons. Because of this lack of detector technology, the Solid State Sciences Division, Rome Air Development Center at Hanscom Air Force Base, initiated research in the use of Schottky Barrier Diodes (SBD) as a possible candidate for this spectral region. In particular, the investigation has centered on Platinum Silicide (PtSi) Schottky diodes operated as avalanche detectors. This work will summarize the experimental technique used to evaluate the PtSi diodes and analyze test results that predict the SBD f s usefulness as an optical communication detector.
2^ THEORY
The theory of the Schottky Barrier Diode and avalanche operation are summarized. A thorough discussion on these topics can be found in references 3 and 4. The most important operating principle of the SBD is the barrier height formation, which occurs when a metal and semiconductor are brought into contact. The barrier height ( \ft in eV) is the difference between the work functions of the metal and semiconductor (n-type), and determines the spectral response of the SBD. The PtSi SBD was investigated because of its spectral response and compatibility with monolithic construction.
Because the operating environment for fiber optics consists of wide bandwidth-high frequency applications, operation in the avalanche mode was considered. An avalanching detector should be used when the system is limited by thermal or amplifier noise. The signal and noise are then multiplied above the thermal or amplifier noise while introducing as little additional noise as possible, thereby maintaining the signal-to-noise ratio. How much multiplication will occur is dependent mainly on the ionization coefficients of the holes ((3) and electrons (a) and diode construction.
The best situation is when a and ß differ greatly and when the multiplication is initiated by the carrier with the higher ionization coefficient. Thus in silicon, where a >ß , the multiplication should be initiated by electrons.
By using the PtSi Schottky diode construction and operating in the spectral region of 0 < by < Eg(where Eg = energy gap), we can theoretically achieve pure electron injection, and thus take advantage of the higher electron ionization coefficient. 3 .
EXPERIMENTAL ARRANGEMENTS FOR PtSi INVESTIGATION
The Schottky Barrier Diodes analyzed for this work were provided by the Rome Air Development Center (RADC), Hanscom AFB, Mass. The diodes were constructed by depositing 20 angstroms of Pt on an n -type Si substrate. The bulk resistivity of the Si substrate is 512 -cm nominal, corresponding to a donor concentration of 1015 cm -3 . The diodes were then annealed in forming gas at 350 degrees C, and this causes the Pt layer to change sequentially from Pt -Si to Pt-PtSi -Si, Pt-PtSi -PtSi -Si, and PtSi-PtSi -Si into PtSi -Si as the annealing temperature or time are varied.
The detectors for this study were annealed until the final stage of PtSi -Si was reached. The final steps included the construction of a guard ring by p -type ion implantation to reduce the edge and leakage currents, and the evaporation of 3000 angstrom thick aluminum to provide ohmic electrical contacts to the anode and cathode. Figure 1 shows a diagram of the diodes, where four individual diodes are constructed on a chip approximately 5 mm by 5 mm in dimension. The unpackaged diodes were then analyzed on a I -V curve tracer, using probes to make electrical contact, in order to select diodes with good I -V characteristics such as low reverse saturation currents and sharply defined breakdown points. Once a chip was selected that had good diodes, it was mounted on a TO -5 transistor header or an IC dip package, which had a hole drilled in the center to allow for backside illumination. Wire bonding was then performed to make electrical connections for the anode and cathode. In order to analyze the diodes at cryogenic temperature, the TO -5 header was mounted in a dewar and cooled with liquid nitrogen. The temperature was monitored using a calibrated IN 914 diode mounted with the TO -5 header.
3.1.
Measurements performed
In an effort to analyze the compatibility of the PtSi diodes for use as an avalanche detector in optical communication systems, several parameters were measured to help quantitize the diode's performance. These measurements included forward and reverse dark currents, ideality factor, Schottky barrier height, spectral response, quantum efficiency, reverse breakdown voltage, and finally the avalanche multiplication and excess -noise characteristics.
The I -V characteristics of the diodes were measured to determine the amount of dark current at room temperature as well as 85° K.
By stepping through increments of voltage, the current was read at each step, and thus an I -V curve was generated.
The forward current was measured to determine the ideality factor, n, found in the diode equation, I =(exp qv /nkT -1). Solving for n, n = q/kT (lnI/V)-1 (1) For a given temperature, a plot of lnI versus V will give the value of the inverse slope needed to calculate n. Diodes that follow the characteristics of 22 / SPIE Vol. 929 Infrared Optical Materials VI (1988) the holes (ft) and electrons (a) and diode construction. The best situation is when a and )3 differ greatly and when the multiplication is initiated by the carrier with the higher ionization coefficient. Thus in silicon, where a > /J , the multiplication should be initiated by electrons. By using the PtSi Schottky diode construction and operating in the spectral region of \j) < hv < E (where E = energy gap), we can theoretically achieve pure electron injection, and thus take advantage of the higher electron ionization coefficient.
3^ EXPERIMENTAL ARRANGEMENTS FOR PtSi INVESTIGATION
The Schottky Barrier Diodes analyzed for this work were provided by the Rome Air Development Center (RADC), Hanscom AFB, Mass. The diodes were constructed by depositing 20 angstroms of Pt on an n-type Si substrate. The bulk resistivity of the Si substrate is 5.J2~cm nominal, corresponding to a donor concentration of 10 ^ cm~3 . The diodes were then annealed in forming gas at 350 degrees C, and this causes the Pt layer to change sequentially from Pt-Si to Pt-PtSi-Si, Pt-PtSi-PtSi-Si, and PtSi-PtSi-Si into PtSi-Si as the annealing temperature or time are varied. The detectors for this study were annealed until the final stage of PtSi-Si was reached. The final steps included the construction of a guard ring by p-type ion implantation to reduce the edge and leakage currents, and the evaporation of 3000 angstrom thick aluminum to provide ohmic electrical contacts to the anode and cathode. Figure 1 shows a diagram of the diodes, where four individual diodes are constructed on a chip approximately 5 mm by 5 mm in dimension. The unpackaged diodes were then analyzed on a I-V curve tracer, using probes to make electrical contact, in order to select diodes with good I-V characteristics such as low reverse saturation currents and sharply defined breakdown points. Once a chip was selected that had good diodes, it was mounted on a TO-5 transistor header or an 1C dip package, which had a hole drilled in the center to allow for backside illumination. Wire bonding was then performed to make electrical connections for the anode and cathode. In order to analyze the diodes at cryogenic temperature, the TO-5 header was mounted in a dewar and cooled with liquid nitrogen. The temperature was monitored using a calibrated IN 914 diode mounted with the TO-5 header.
3-1* Measurements performed
In an effort to analyze the compatibility of the PtSi diodes for use as an avalanche detector in optical communication systems, several parameters were measured to help quantitize the diode's performance. These measurements included forward and reverse dark currents, ideality factor, Schottky barrier height, spectral response, quantum efficiency, reverse breakdown voltage, and finally the avalanche multiplication and excess-noise characteristics.
The I-V characteristics of the diodes were measured to determine the amount of dark current at room temperature as well as 85° K. By stepping through increments of voltage, the current was read at each step, and thus an I-V curve was generated.
The forward current was measured to determine the ideality factor, n, found in the diode equation, I=(exp qv/nkT -1). Solving for n, n = q/kT (Inl/V)" 1 (
For a given temperature, a plot of Inl versus V will give the value of the inverse slope needed to calculate n. Diodes that follow the characteristics of the diode equation are considered good if n is between one and two. The Schottky barrier height determines the long wavelength cutoff of the detector, and thus its value is important in determining the spectral response. There are several techniques that can be used to measure the barrier height. The photoelectric technique was used in this study. This technique is based on the Fowler expression for photoyield as a function of photon energy, Y= C1(hv -0i) /hv (2) where Cl is a constant.5 By plotting =hv versus photon energy (eV), where R(X) is the responsivity in amps /watts, a Fowler plot is generated, and by extrapolating the linear portion of the curve to where it crosses the energy axis, the barrier height can be read directly from the graph.
The spectral response of the PtSi diodes was measured, with particular attention directed at the 1.3 um to 1.6 um region.
The task was accomplished using a Perkin Elmer model 98 monochrometer with a calcium flouride prism for near infrared wavelength selection. A tungsten -halogen lamp was used as the source. An absolute calibration was made on the source using a thermocouple detector whose responsivity was measured on a blackbody. A thermocouple was used because of its flat response over a large spectral band. The detector was masked to match the diameter of the active diode area. Once the calibration was accomplished, the thermocouple was replaced with the PtSi diodes and their responsivity measured.
Closely associated with the spectral response is the quantum efficiency as a function of wavelength. By knowing the power,0e, incident on the detector and measuring the detector signal current, Is, one can calculate the quantum efficiency as a function of wavelength by = (Is /q) /(4e?'hc) (3) Finally, the multiplication and excess noise introduced by avalanching will be analyzed. Multiplication of the photocurrent can be analyzed by chopping the signal at 100 Hz and looking at the output on a HP Wave Analyzer. The signal, Vs, is measured in the non -multiplying region (1e. low reverse bias) and then measured in the multiplying region at reverse breakdown, Vsb. Then M = Vsb /Vs The noise is then analyzed to see what additional noise is introduced by multiplication. As the reverse bias is increased and the dark current increases, an increase in shot noise will occur according to 2gIdB. Any additional noise measured above shot noise can be attributed to the multiplication process and the excess noise factor, F (2gIdFB).
If the excessnoise factor is not kept as small as possible, the signal -to -noise ratio will decrease during the multiplication process. 4 .
EXPERIMENTAL RESULTS
Initial measurements were made on a I -V curve tracer to select diodes with good I -V characteristics.
The data shows the diode characteristics can vary quite markedly, even when the diodes are on the same wafer. Previous analysis performed on other diodes provided by RADC indicated that deterioration and difficulty in making good electrical contct with probes or wire bonds may contribute to poor diode characteristics:2 Another possibility may be inhomogeneities in the donor concentration of the silicon, producin ohmj,c characteristics as the donor concentration becomes greater than 1012 cm . Three diodes were selected for further analysis. A more precise I -V curve was then generated to look at the dark currents. Figure 2 shows the dark currents SPIE Vol. 929 Infrared Optical Materials VI (1988) / 23 the diode equation are considered good if n is between one and two.
The Schottky barrier height determines the long wavelength cutoff of the detector, and thus its value is important in determining the spectral response. There are several techniques that can be used to measure the barrier height. The photoelectric technique was used in this study. This technique is based on the Fowler expression for photoyield as a function of photon energy, Y= Cl(hv -jfr)/hv (2) where Cl is a constant.-* By plotting >/Yhi; = \/R(X) hi? versus photon energy (eV), where R(\) is the responsivity in amps/ watts, a Fowler plot is generated, and by extrapolating the linear portion of the curve to where it crosses the energy axis, the barrier height can be read directly from the graph. The spectral response of the PtSi diodes was measured, with particular attention directed at the 1.3 urn to 1.6 urn region. The task was accomplished using a Perkin Elmer model 98 monochrometer with a calcium f louride prism for near infrared wavelength selection. A tungsten-halogen lamp was used as the source. An absolute calibration was made on the source using a thermocouple detector whose responsivity was measured on a blackbody. A thermocouple was used because of its flat response over a large spectral band. The detector was masked to match the diameter of the active diode area. Once the calibration was accomplished, the thermocouple was replaced with the PtSi diodes and their responsivity measured.
Closely associated with the spectral response is the quantum efficiency as a function of wavelength. By knowing the power, 0e , incident on the detector and measuring the detector signal current, I , one can calculate the quantum efficiency as a function of wavelength by = (I s /q)/(<M'hc) (3) Finally, the multiplication and excess noise introduced by avalanching will be analyzed. Multiplication of the photocurrent can be analyzed by chopping the signal at 100 Hz and looking at the output on a HP Wave Analyzer. The signal, Vs , is measured in the non-multiplying region (ie. low reverse bias) and then measured in the multiplying region at reverse breakdown, Vgb. Then M = Vsb/Vs. The noise is then analyzed to see what additional noise is introduced by multiplication. As the reverse bias is increased and the dark current increases, an increase in shot noise will occur according to 2qI(jB. Any additional noise measured above shot noise can be attributed to the multiplication process and the excess noise factor, F (2qIdFB). If the excessnoise factor is not kept as small as possible, the signal-to-noise ratio will decrease during the multiplication process.
Initial measurements were made on a I-V curve tracer to select diodes with good I-V characteristics. The data shows the diode characteristics can vary quite markedly, even when the diodes are on the same wafer. Previous analysis performed on other diodes provided by RADC indicated that deterioration and difficulty in making good electrical contact with probes or wire bonds may contribute to poor diode characteristics.-* Another possibility may be inhomogeneities in the donor concentration of the silicon, producing ohmic characteristics as the donor concentration becomes greater than 10 -^ cm"^. Three diodes were selected for further analysis. A more precise I-V curve was then generated to look at the dark currents. Figure 2 shows the dark currents of the three diodes at room temperature. At one volt reverse bias, the dark current is approximately one microamp for diodes (W1,D1) and (W3,D2), and an order of magnitude lower for diode (W7,D1). Unfortunately, these levels of dark current at room temperature, coupled with a measured differential resistance on the order of 10k2, will limit the maximum multiplication we can expect to see at room temperature according to Vn Mph max ' nRId (4) so that with VB = 14 volts, n = 5, R = 10K , and Id = luA, the expected maximum multiplication would be approximately 16. To examine the dark current at cryogenically cooled temperature, diode (W3,D2) was mounted in a dewar, evacuated to 5 x 10 -5 mm Hg, and cooled to 85° K with liquid nitrogen. Figure 3 shows the dark current at T =85° K as well as room temperature for comparison. The dark current has been reduced by three orders of magnitude. The lower dark current will reduce the associated shot noise and therefore increase the signalto -noise ratio, or for a given signal -to -noise decrease the minimum detectable power. The maximum achievable multiplication for photocurrent would increase to approximately 530.
The forward currents for diodes (W7,D1) and (W3,D2) were measured in order to calculate the ideality factor n, using equation 1.
Diode (W7,D1) had an ideality factor of 2.53 and diode (W3,D2) had a value of 3.06.
Both values are higher than what is normally considered good, indicating a departure from the diode equation. It is thought that this departure from the ideal is due to an increase in the contact resistance as the forward bias increases, resulting in higher calculated values of n.5 Figure 4 shows the results for the Schottky barrier height measurements using the photoelectric technique. The extrapolated curve crosses the energy axis at 0.92 eV.
This value is higher than barrier heights for PtSi -Si given in literature (0.85 eV).
If the long wavelength cutoff is determined by 1.24 max 0 then we can estimate that our cutoff wavelength would be near 1.35 microns.
The responsivity, R(À), and the quantum efficiency, n., were measured as a function of wavelength in order to characterize the spectral response of the detector. The reverse bias was one volt. The long wavelength cutoff occurs between 1.4 and 1.5 microns (slightly longer than predicted by the barrier height measurement), with the peak responsivity and quantum efficiency occuring at 1.05 microns. At 1.3 microns, the quantum efficiency is approximately 0.01 percent.
This would seem to pose a problem for our detection of energy in the 1.3 to 1.5 micron band.
However, avalanche multiplication would increase the effectiveness of the quantum efficiency by Mn. In addition, increasing the bias to operate at avalanche will lower the Schottky barrier and allow electrons to pass over the barrier that were unable to do so at the lower reverse bias. The detector would therefore be feasible for operation at the shorter wavelength end of the desired optical band of 1.3 -1.6 um.
The reverse breakdown voltage for these diodes is shown in figure 2 . The values range from 6 to 14 volts, which is relatively low. The donor concentration can be varied to adjust the breakdown voltage,, a decrease in the donor concentration increases the breakdown voltage.) Low breakdown voltages are desirable for low noise, because avalanching would occur at voltage below the breakdown voltage of the guard ring. Unfortunately, the low voltages (5) 24 / SPIE Vol. 929 Infrared Optical Materials VI (1988) of the three diodes at room temperature. At one volt reverse bias, the dark current is approximately one microamp for diodes (W1,D1) and (W3 f D2), and an order of magnitude lower for diode (W7,D1). Unfortunately, these levels of dark current at room temperature, coupled with a measured differential resistance on the order of 10kJ2, will limit the maximum multiplication we can expect to see at room temperature according to M VB Mph max " JHUJ >,
so that with VB = 14 volts, n = 5. R = 10K , and 1^ = luA, the expected maximum multiplication would be approximately 16. To examine the dark current at cryogenically cooled temperature, diode (W3.D2) was mounted in a dewar, evacuated to 5 x 10"-* mm Hg, and cooled to 85° K with liquid nitrogen. Figure 3 shows the dark current at T=85° K as well as room temperature for comparison. The dark current has been reduced by three orders of magnitude. The lower dark current will reduce the associated shot noise and therefore increase the signalto-noise ratio, or for a given signal-to-noise decrease the minimum detectable power. The maximum achievable multiplication for photocurrent would increase to approximately 530. The forward currents for diodes (W7.D1) and (W3.D2) were measured in order to calculate the ideality factor n, using equation 1. Diode (W7.D1) had an ideality factor of 2.53 and diode (W3,D2) had a value of 3.06. Both values are higher than what is normally considered good, indicating a departure from the diode equation. It is thought that this departure from the ideal is due to an increase in the contact resistance as the forward bias increases, resulting in higher calculated values of n.F igure 4 shows the results for the Schottky barrier height measurements using the photoelectric technique. The extrapolated curve crosses the energy axis at 0.92 eV. This value is higher than barrier heights for PtSi-Si given in literature (0.85 eV). If the long wavelength cutoff is determined by ^
then we can estimate that our cutoff wavelength would be near 1.35 microns. The responsivity, R(A), and the quantum efficiency, TJ , were measured as a function of wavelength in order to characterize the spectral response of the detector. The reverse bias was one volt. The long wavelength cutoff occurs between 1.4 and 1.5 microns (slightly longer than predicted by the barrier height measurement), with the peak responsivity and quantum efficiency occuring at 1.05 microns. At 1.3 microns, the quantum efficiency is approximately 0.01 percent. This would seem to pose a problem for our detection of energy in the 1.3 to 1.5 micron band. However, avalanche multiplication would increase the effectiveness of the quantum efficiency by Mty. In addition, increasing the bias to operate at avalanche will lower the Schottky barrier and allow electrons to pass over the barrier that were unable to do so at the lower reverse bias. The detector would therefore be feasible for operation at the shorter wavelength end of the desired optical band of 1.3 -1.6 urn.
The reverse breakdown voltage for these diodes is shown in figure 2 . The values range from 6 to 14 volts, which is relatively low. The donor concentration can be varied to adjust the breakdown voltage, whereby a decrease in the donor concentration increases the breakdown voltage.-* Low breakdown voltages are desirable for low noise, because avalanching would occur at voltage below the breakdown voltage of the guard ring. Unfortunately, the low voltages had an adverse effect on the multiplication process.
Avalanche multiplication is determined by measuring the chopped photocurrent at low bias and then comparing it to the chopped signal as the reverse bias is increased up to breakdown voltage. Figure 5 shows the multiplication as a function of reverse bias. As can be seen, the multiplication effect did not materialize. The slight increase in the photocurrent can be attributed to the lowering of the Schottky barrier, but not from impact ionization. The key to the negative results was hinted in the preceding paragraph. The low breakdown bias contributes to an electric field strength which is too low for photogenerated impact ionization to occur. The electric field required to produce ionization in silicon is = 3 x 105 V /cm. 3 By calculating the depletion width for a Schottky diode, W(cm) JgEIVDCVbi -V-kqJ (6) Vbi = built in potential (= 0.9 eV) V = reverse bias one can estimate the electric field strength by assuming a constpnt fi ld across the depletion region. At V = -14 volts, Vbi = 0.9 volts, N0 =1015 T cm ., 4and = 85° K, the depletion width is approximately 4.5 um. Then lö =14/ (4.5x10-) _ 3.11 x 104 V /cm. The electric field is an order of magnitude too low to cause photogenerated impact ionization, and therefore no multiplication effects were ob erve . Data from Sze shows that for silicon abrupt p -n junctions, with ND = lo 15cm , the reverse breakdown normally occurs around 300 volts3 , much larger than the observed 14 volts in the PtSi diodes. Since no multiplication occured, no analysis of the excess -noise factor can be made.
Although the low breakdown voltage of the PtSi diodes prevented experimental analysis of the multiplication effects, a prediction. of their performance can be made based on the 1967 results of Lepselter and Sze. They analyzed PtSi -Si diodes and found that the reverse breakdown of the diode could approach theoretical predictions for abrupt p -n junctions 12y implanting a guard ring. With the guard ring and a doping level of 2 x 10 cm , they were able to achieve a reverse breakdown of 42 volts with a corresponding 3 um wide depletion region. This would improve the chances for photogenerated impact ionization. Based on the following parameters, estimations for the multiplication and excess noise for pure electron injection can be calculated (see ref. had an adverse effect on the multiplication process. Avalanche multiplication is determined by measuring the chopped photocurrent at low bias and then comparing it to the chopped signal as the reverse bias is increased up to breakdown voltage. Figure 5 shows the multiplication as a function of reverse bias. As can be seen, the multiplication effect did not materialize. The slight increase in the photocurrent can be attributed to the lowering of the Schottky barrier, but not from impact ionization. The key to the negative results was hinted in the preceding paragraph. The low breakdown bias contributes to an electric field strength which is too low for photogenerated impact ionization to occur. The electric field required to produce ionization in silicon is = 3 x ICK V/cm. ^ By calculating the depletion width for a Schottky diode, W(cm) 2ec qND (6) Vb± = built in potential (= 0.9 eV) V = reverse bias one can estimate the electric field strength by assuming a constant field across the depletion region. At V = -14 volts, Vb± = 0.9 volts, ND =10 1^ cm"~3. and T = 85° K, .the depletion width is approximately 4.5 urn. Then £=l4/(4.5x10" ) = 3-11 x 10 V/cm. The electric field is an order of magnitude too low to cause photogenerated impact ionization, and therefore no multiplication effects were observed. Data from Sze shows that for silicon abrupt p-n junctions, with N^ = 10 ^cm"^, the reverse breakdown normally occurs around 300 volts^ , much larger than the observed 14 volts in the PtSi diodes. Since no multiplication occured, no analysis of the excess-noise factor can be made.
Although the low breakdown voltage of the PtSi diodes prevented experimental analysis of the multiplication effects, a prediction, of their performance can be made based on the 196? results of Lepselter and Sze. They analyzed PtSi-Si diodes and found that the reverse breakdown of the diode could approach theoretical predictions for abrupt p-n junctions by implanting a guard ring. With the guard ring and a doping level of 2 x 10 cm"^, they were able to achieve a reverse breakdown of 42 volts with a corresponding 3 urn wide depletion region. This would improve the chances for photogenerated impact ionization. Based on the following parameters, estimations for the multiplication and excess noise for pure electron injection can be calculated (see ref. With negligible background current and Mn = 68, we obtain I is the bulk dark current. The bulk dark current can be an order 6
L , where I magnitude Db lower than the surface dark current. Therefore, if at room temperature the total dark current is 1 mA, then the bulk dark current may be only 0.1 mA. Then the NEP would be appoximately 2.5x10 watts at 1.3 um, n = 0.01 percent, B = 10
Hz.
This figure could be improved by cryogenic cooling to reduce the dark If M(w) = 68, then the bandwidth would be 3.55 GHz. Another alternative to the problem of the low reverse breakdown in the PtSi diode would be to increase the doping concentration to 1017 cm -3 and cool the detector to T = 10°K, and thus use impurity -band ionization instead of valenceto-conduction band ionization7. At the lower required electric field, the 14 volt reverse bias would produce ample electric field strength to cause impurityband ionization and thus multiplication.
SUMMARY
Experimental results for the PtSi diodes studied showed high dark currents (1mA) at room temperature, reduced to 1 nA at 85° K. and reverse breakdown voltages (6 to 14 volts) that were too low to cause photon generated multiplication. However, predictions can be made on the performance pf thi PtSi diodes as reported by Lepselter and Sze. With doping levels of 2x10 cm and reverse breakdown at 43 volts, multiplication of approximately 68 with an excess -noise factor of 11.1 can be achieved operating at 1.3 microns. An alternative option would be to use impurity -band impact ionization by heavily doping with impurities and operating at low temperatures. Based on these predictions, the PtSi diode should be considered a viable candidate for detectors in fiber optic systems. 6. lower than the surface dark current. Therefore, if at room temperature the total dark current is 1 mA, then the bulk dark current may be only 0.1 mA. Then the NEP would be appoximately 2.5x10 watts at 1.3 urn, tj = 0.01 percent, B = 10 Hz. This figure could be improved by cryogenic cooling to reduce the dark current.
The gain-bandwidth product can also be estimated (see ref Another alternative to the problem of the low reverse breakdown in the PtSi diode would be to increase the doping concentration to 10 ' cm""-^ and cool the detector to T = 10°K, and thus use impurity-band ionization instead of valenceto-conduction band ionization'. At the lower required electric field, the 14 volt reverse bias would produce ample electric field strength to cause impurityband ionization and thus multiplication.
5^ SUMMARY
Experimental results for the PtSi diodes studied showed high dark currents (1mA) at room temperature, reduced to 1 nA at 85° K, and reverse breakdown voltages (6 to 14 volts) that were too low to cause photon generated multiplication. However, predictions can be made on the performance of the PtSi diodes as reported by Lepselter and Sze. With doping levels of 2x10 cm~"3 and reverse breakdown at 43 volts, multiplication of approximately 68 with an excess-noise factor of 11.1 can be achieved operating at 1.3 microns. An alternative option would be to use impurity-band impact ionization by heavily doping with impurities and operating at low temperatures. Based on these predictions, the PtSi diode should be considered a viable candidate for detectors in fiber optic systems. Top and crossectional views of PtSi diode supplied by Hanscom AFB (RADC). 
